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Effect of L-theanine on intestinal immunity of rats

under resistant starch feeding
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XF 4 s SD i X #4728 d RAH & L-F A%
(100,300,500 mg/(kg+ d) JFMRXE . F KAk h 5
L-RRBASERANKAME LR BAFTHER, &
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A H & (Helicobacter) #= &) f& 4% K, # /& (Parasutterella) &
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Abstract: Objective: This study aimed to explore the effect of L-
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theanine on intestinal immunity of rats under resistant starch
feeding. Methods: Different doses of L-theanine [ 100, 300,
500 mg/ (kg « d) ] was performed for 28 days in 4-week-old SD
male rats by filling the stomach once daily under resistant starch
feeding, in order to investigate the regulation of resistant starch
combined with L-theanine on intestinal immunity. Results;: The
results were shown as follows the medium and high dose groups
of L-theanine significantly increased the weight of rats, and im-
proved the activities of ileum SOD, GSH-Px with reducing the
content of MDA under resistant starch feeding; Pretreatment
with L-theanine at different dosages improved the expressions of
1L-4, 11-10, lowered the levels of 11-6, TNF-a, increased the
level of IgA in ileum significantly. At the same time, L-theanine
could heighten the contents of glutamate and glutamine in each
small intestine, and improve the relative abundance of beneficial
microorganisms such as Bifidobacterium , Prevotella _9 , Blautia
reducing the proportion of intestinal harmful microorganisms Helico—
bacter and Parasutterella (P <0.05). Consequently, the medium
dose group of L-theanine [ 300 mg/ (kg * d)] combined with resistant
starch had the best effect. Conclusion: Under the resistant starch feed-
ing, L-theanine can enhance intestinal immunity of rats by improving
antioxidant capacity, balancing the levels of pro-inflammatory and
antt-inflammatory factors and raisng the contents of glutamate and
glutamine. In addition, it can also ameliorate the structure of intestinal
bacteria to affect intestinal immunity.

starch; L-theanine; dietary pattern;
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FHLASURRE T A EEAERT Y, BdBEEERTM
SRAR A i 18 5 K U A AE L 4 A i T TR R S
A B A — R T M S TR A Rk ART Y, b
AT TG AKOF B3 R 200k 18 7R R AT A
BREMNRBEERVERZLE W, RV LM, A
ST I K A TG £ 7 A 4 Ak b P 5 8 A b 4 45 W 3 T
B TE B 1A G RE SN« IR Ao B S RE I 8 e M 1 A R
TPERETT . Hob A B ) 18 o P S OCHRY , £
BAGE F A RS B A R A R T A, AT A U B T A e IR
F TNF-o . IL-6 Fil IL-10 B9 7= 4 X5 8 75 40 jg S 2 B A &
PR T I BT A ] A g 1 R W R R & B IE
S5 4 I R (SCFAs) , A i 18 it A L o 3% i 18 2 A5 4%
Fa) 44 38R i 3 S 28 T 6 S T A B VE T L
WA R g F A TR R PR R W

A R 45, B B A (RS) S — Rl b L9 7 11 3 Y
TR £ 27 4, AR FE K A7 8 B L S T T A A R I
PEBE T ELELA VR Bl pH (4 TR 45 i o0 i
FERR 3 o T8 G 2 1y AR D00 (R T B 0 K 04
KT 18 P9 FR S5 I R AR FH 23 78 W05 . B T RS 72/
W v R 5 Tl Ak LA g T8 P 0 A L AR 2 B i 1
2 B R R DT B AR I B T AR R 7 3R IR Y R
BEUY LA R (L-theanine) & 45 i ofy — b 45 40F 1 48
B2 5 % S I e 5 A0 2 AL AL RS AR Sy — Fi 0 U3 5% b
FEM IR, ) T 2 ok 3 B 4 M LR Bk e B Bk A
W BEAR A AT RE T K OF S iR AR R i
Ga g FIUH e Ah B FE R K Bt v 7R KR SCFAST
ARl UL itk Ve B S L2 & BRI A T A e (R
HEEFREGEA DRI EH R — LT, N
U R 56 4005 T AN ) R R L 2SR E B T WP T R ik
BT A SD M R B 28 dL B ST 40 T b B A AL 2%
SRR A W P9 3 0 R R M T % Tl B R R
DI S 3R T I £ o0k K R LB B g D) RE LU
B L A5 S W8 1 R 2 R 4R AL 2 R 4
1 ket 5 5k
L1 H#5ikH

LA =98%. Wm =mAEwEH4a R
]

otk vER II(FHRr 5 : Fibersol-2) : ¥ A& 1L A ¥ B 35
HRAF

BUPEVE R A AL S BROSCTR (14 ] T i 01 TE B 1) T A

FEFRT G B NRwsn m Ll sh WA RA A,
e SER D RHEE T 1 W o B B R TR S, A R 2 26 B
PEGERS 11,18 % 2 A it (ILBE Lk 24.7%0) ,58 Vot K fL & 4
(HERE L 67.1%0),4.8% g it (HBEAE Lk 8.2%) F1 3% &
/1

/L\\

BABEN (Gln) [N Z-4T1-4) A Z-6 (IL-6) . [

BEZE MUEBRAEERT L FEBMARBERRIENETIER

M FE-10(IL-10) MR SR FE A F-o (TNF-o) REERIEH A
(IgA) ELISA {5 & . B % AW RHE A BR A A 5

B @R (Glw) 8 AL ¥ B AL B (SOD) 2 e 1 ik ad
S ALY (GSH-Px) . [ (MDA) (i S B — &L & A
B GNOS) 7 & e a0 2 AR ¥ TR WF 9T 5

SD #EPE K B : SPF 9% 4 J&l #% , i1 7 197 3% 5w 5 35 50 I
AR,
1.2 EENR[ESF

Z I BERFHR 1Y : Varioskan Flash &, 38 8% € /R 11
IR BR 2N ] 5

&% % B 0 Fl: MIKRO22R #, f# [ Hettich
/NEIP

B WM : Reerach Plus Y, f# & Eppendorf 2 #] ;

4 H B EE S DB B A . IXFSTPRP-48 #I, |- g 4
B & A RA T

S5 TT L 43 56 56 BE . UV-2550 %, H 4 Shimadzu
NI
1.3 Fi&
1.3.1 shyikie it AW X3 ry ke 2 s 7™ A%
YR T8 P AR ol A2 16 B 25 B3 23 h iy 0 B RN A 4 e ) it AT
(FEMH5:015063506) , X 45 3 #) i % SPF 4% 4 J&# SD
HMEPER B, W R A IR E (25 £2) C B JE (50% ~
702,12 h S/ R R EF S ) s s R . R R4y
I N MR SE LR TR B O R ROK

H 50 F B e 1A T B AL 43 A ik il AR L X R 4 (CK
A) BT TE R AR XT BB 2 (CK B F L 4% 4 e A% 70 42 41
(LTA 100) ] & 20 (LTA 300) .55 7 & 41 (LTA 500)
52, A 10 HL SR AN 28 d, K R 420 MR 5% 4
1R,
1.3.2 FEERESKEN KEHEB R, 4858 12 h g
AR EEE . E T TR KBRS D b5 E S e
TR BE R B RS R R 2Rk .=
W el By L2, J A 5 B 1 AL 2 — 80 C I 4 H . il 3%
F s G T 77 A i BRI R B PR
1.3.3 Al 4% DNA 205 )7 i ] EZNA Soil
DNA 33057 & 0 K Bl 26 #E 4T & DNA il 42, i 1 Re 7 5
Wy %t 2% 48 o 40 B 16S rDNA By V3-V4 1] 45 X #F 47 PCR

x1 RBRSEARRSRE
Table 1  The grouping and feeding of rats
2553 Ak M/ (mg e+ kg™! +d™h)
CK A KL filt ) ek AR K
CK B BUE E A A EEBLIE Y
LTA 100 Hodk ek ik 100
LTA 300 oo v 4 b 300
LTA 500  $pHE e b i)k 500

33



Highlight


Highlight


34

E i % FUNDAMENTAL RESEARCH

PHl ik, DA R SC R BOR Y E B NI S ) b
J57F Illumina Miseq PE300 & | #4700 )% .

M B4 4 i Trimmomatic 44 i 4 . FLASH $f
$ . Verseach 13 153 3 4 5 77 51, 1 H 4K {4 Uparse Xt f
AR A R HEAT RS B 970 — UM T A B
H R ERAE B IE (OTUs) , & il RDP Classifier %} OTUs
REFFIEAT /r 2 FTERE . 5 Silva(SSUL23) £ il 5 ik 1T
Host, EAEAKOFE R 70% . JEFHER OTUSs 453 i
Mothur # {4 5%F £ 5 2 47 Alpha Z #5387, 00761 5 )8
Gy BRI b AT B T S A R AT
L34 SEibsrdirsd: o DOV B0 = bR i 25 3%
7R 2R F SPSS 25.0 AT G4 BT Bt R F SRR R Oy 2
3T (ANOVA) e/ 1835 22 #5032 (LSD) A X (Duncan)
K. P<<0.05 B A E A Gt R EEES. #H

BE 2428 | 2021 £12 A | RS

GraphPad Prism 8.0.1 {4 4EH .
2 %%Eﬁﬂﬁ
2.1 MEMRREXT LEXESBNARTESRREN
s-&ﬂlﬁ]
R2BR.FUHAHIHRERE LR ELEF (P>
0.05), 5 CK A Zl#It.CK B 24 K RAKEF T P>
0.05) , il R St T M B AR LI NG B i B A 0. 5
CK B4 AL, LTA 300, LTA 500 20 kK Rk &= AL &
FHIN(P<<0.05) , U BT HETE M IR BT LA &R fig
TR E R B K 5 BRS04 AR — 3L,
22 MUEEMREBERXT L-FXEBRNAREFHEAER
iEER MDA £ 28N
WE 1 iR, 5 CK A 4# L . CK B 41 K Ui 41 41

R2 HEMREEXT L FERNARGTEEAEEEHNRTENHMI

Table 2 Effects of L-theanine on the weight change and average daily feed intake of rats

under resistant starch feeding g
A _
2151 - ~ ~ - - R AR L i H¥R R
CUPN TR 814K 521 K 528 K
CK A 161.7346.62* 233.22412.97* 304.714£13.76* 358.31+£13.88* 388.41+16.92* 226.35412.60%" 24.25+£1.17°
CK B 168.61413.05* 241.91+9.14* 316.26+11.61* 349.12424.60* 377.33+£29.92* 209.124+33.52" 23.28+1.64¢
LTA 100 166.71410.61%* 240.33£11.26* 304.114+16.54* 356.22423.43* 389.44+34.09* 223.424+25.08% 24.0940.97*
LTA 300 171.244+15.11* 249.654+17.01* 315.86+19.99* 359.33+13.88* 402.714+16.03* 231.87+14.29* 24.16+1.24%
LTA 500 163.93410.74% 241.97411.86* 307.81+16.98* 353.67422.64* 397.19+£27.32* 234.12419.23° 24.27+0.75°

T FFNG B R [ R 25 57 3 (P <C0.05)

NG AN [ 7R 22 5 48 35 (P<C0.05)

A1
Figure 1

rats under resistant starch feeding

TR EREX T LR R8T KR =L f SOD,GSH-Px.INOS #& M 2 MDA 4% 4% %
Effects of L-theanine on SOD, GSH-Px, iNOS activities and MDA content in ileum of
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H SOD. GSH-Px i ¥ 7t & » iNOS i £ F1 MDA 5 & f#
%, Hodr iINOS 35 2 8 3 K F (P<<0.05), 5 CK B4 M
L. LTA 300.LTA 500 20 ¥ A 3 Jin K B 1=l i 41 21
SOD,GSH-Px i # (P <C0.05) , f& & MDA & & (P <<
0.05) . M TMIE R G A DU AL, R E AR
Wy 2 80 A RS A M T8 A0 B R AR O L H AR R A S A
Jo 3 ok A 0 A A ) 4 B i i T 4R AL S B 4L R B YO
. IR E R IR BT LA A S
SOD,GSH-Px {1 , il iNOS i #: J2 38 /> MDA & 1% 3k
S5 i 1B PR 3 2 b A R

BEZE MUEBRAEERT L FEBMARBERRIENETIER

23 FIMEMREEXAT LEESHNAREF AR

B F 3R %7K F B &I

MK 25,5 CK A4lM,CK B4k R E
IL-4.1L-10 33k 7 & 3 7 5 (P <<0.05), IL-6 . TNF« #
K 2 AR (P <C0.05) , 156 WA 4 M Ve ) vl 3 0ok Bl 38 4R E
H 7KV i e s, 58 RS T 45 R ARST .
5 CK BAMILL, % LAARM = A 1-4,11-10 R ik &
2 F 5 (P<C0.05) ,1L-6 \ TNFo ik i i ZREAE (P <
0.05) , Ui A ZE Bk JE W IR A 20 F L LR 0 T 90 T gk —
AR R /TR A, BB R AR .

N SR [ 38 2% 5 5% (P <00.05)

B 2

FEEDREEXT LRARBIRXAGH P @ E T AL THYa

Figure 2 Effects of L-theanine on the levels of cytokines in ileum of rats under resistant starch feeding

2.4 HEEMREEXT L REBYABRER AW
A
A 3 A, CK A UM H . CK B 4Lk R IRl IgA
B REHIN(P<0.05), 5 CK B K. & L2
20 IgA S B E T E (P<<0.05), Hd, L LTA 300 4
R AE IR R BUME S A K B R LA &R R S
TR TgA 43 10 1 58 i T G 8 i 25T
2.5 PMEEHREENAT LFEBRMARFE Glu.Gn iy
=AU
3, 5 CK A4M I .CK B4 Wi#E Glu,.Gln
BIE R, B A 3 ik 8 | 2 kP (P <
0.05) , 7] i 5 Bt 1t Ve Ay e 1K 18 480 1 WO WA T A2 30 R M 1
AW e T T 3 0 AR 0 R A A R T [ IR
Glu,Gln &7 A P BEA%  HIFA B3 (P>0.05) , Al GE 2 Bt

A~
=2
=)

JLEE0

INE PR R 25 5 i % (P<<0.05)
B3 REEHKRERXT L5 KRB
KA =EHF IgA && 0 %0
Figure 3  Effect of L-theanine on the content of IgA in il-

eum of rats under resistant starch feeding
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£33 AMEHREERT L HXEBMARBEE Glu.Gln & m'
Table 3 Effects of L-theanine on the contents of Glu and Gln in intestinal of rats under resistant starch feeding
pmol/g
(377} == @y
4153
Glu Gln Glu Gln Glu Gln
CK A 113.17420.04¢ 13.27+1.29% 138.24417.10¢ 14.31+£1.78 99.98+11.55" 10.35+1.64%
CK B 64.0249.85¢ 6.6140.86¢ 97.5846.39¢ 8.50+1.024 96.24+6.69" 9.43+1.38"
LTA 100 79.017.76 9.19+£1.08¢ 107.384+17.74¢4 10.40£1.25¢ 100.93411.48" 9.8240.93%
LTA 300 84.84411.74" 11.59+1.16" 116.62412.86b 12.59+1.20° 106.834+13.87% 11.42+0.56¢
LTA 500 92.85416.87" 11.8341.52" 128.134+23.85% 12.94+1.21° 120.4446.032 11.32+1.54¢

t RFFNG F 8RR R 2 57 3 (P <0.05)

PEVE R E /N T BUH AL SR R M gk . 5 CK B 40
W AR LA T W 7 %iE Glu,Gln 1)
Frim, o LTA 100 4+ =488 .= Gln, LTA 300 4
+ e Sl Glu R+ =46 . = B . F % Gln, LTA
500 =480 & M h Glu fil Gln & 2k 3 0 2
K (P<C0.05) , B BT IE M IR BB LR MR T 10
feiEE Al Glu Ml Gln W & &, — FE AT ABJE h T L5
SR G T W T8 25 5 4 O 412 38 Ml 305 R e i 5% —
75 T » L 2R R R M AT 84 Gln & RUE Y Glu By ¥k BE, 3F
I 3 T R L A ST e I T T R M T AR
P iz i 2 1 A R R B A R i 1 Gln AR
2.6 PFHEHREBERT L FZEBYARBE NI

e 4 Fion .5 40RE A B M T TR B 8 BUHE 99.70 % ~
99.80 % » WY J % 5 J LA I e B AR v BT A 9 B 48 K £
¥ 5, G # AT T — 4. LTA 500 4l ACE, Chao,
Shannon $8 $ i K, 2o ACE #5405 CK B 4148 Lt iA 3
K- (P<C0.05) , 4% LA &R & 4 Simpson 48 £
FHFRAL(P<C0.05) , HILERR  HUMEVE MY BR & L AS MRk
TE IR T B4 & K R i oA o F & B R 2 R,
11 5 1) 7 38 51 R 20 i

JE I W Py 45 2R 28 0ok o 4 A AL R AE 4y 28 LS B
805 /4~ OTUs, @l %43k 13 171,19 4,31 A~ H .57 4
161 AN JE . 287 AP, B 4 BoR & EREARLE TR B
BETE G540 22 52 R K 2t BUAF B 1] (Bacteroidetes) | J&

x4

BETH '] (Firmicutes) MR BEAKR ] (Spirochaetes) e 7% I M
["T(Epsilonbacteraeota) 5 & 1 '] ( Proteobacteria ) Fl it
LW (Actinobacteria) 6 A1 i Ho v $BUAF T8 171 AL
BETH 1] 55 4 53 00 35, 20 5 % S 80 90%6, 55 Ericsson
BTSSR B A 4 R 5 AL CK A4l
AHLE . CK B 21 JE BE T8 [T AR X 5 B8 R B o AT 187 1T A8 X
BERE I, 3 LB A BT L F (P >>0.05) . $BUFF B 1] 7 B 7K
P& W R & A BT I ) AR BT R G AR AR 2
T B A OV A A G Bl R AR AT R AT R T S
JERETE ) 0 LG AR B W AL Y B AR AR OGP Ky
Ho 45T BF 5% & BU . 05 6 £ £F 4 4 72 B AR A8 2 25 MR % 1F
HIRERBGIEERER ] S5 ATE T A, 582
AT, 5 CK BAAALL . L4820 4 77 i 41 1 AR B AR )=
BE G TT o B2 LR B 0D B AR X 3 L O B AR L (P >
0.05) /R HUIEVE M IR BT L8 2R v g HA Y
T Ae AR 1R A

K5 £KULTEIE M /3 K F b5 AR PR £
B e A T IKE B 9(Prevotella _9) FLFF & (Lac-
tobacillus) B ¥ & J& (Parabacteroides) 1 R A B BF & Ay
%8 (Muribaculaceae _norank), 4 A~ J& 1 %} £ B 5 1
5020 LA I BE IR X 2 BE T 30 AL (Y AT G M 2 R 4
Prof3EI% 6. ik 6 L5 CK A 4iM . CK B 41 #|
HHEE. BB HEB KW@ (Lachnospiraceae _norank) .
o H W B 5 ( Ruminiclostridium _5) \ K E W &

MEERRRAERT L XEBRN ARG EERH#HFIEERSHENRM

Table 4 Effects of L-theanine on the richness and diversity of intestinal bacteria in rats under resistant starch feeding

28 51 ACE 5% Chao 5%k Shannon $§ #{ Simpson $§ % 5 1R 45 B Y
CK A 533.82+31.27" 541.58431.81" 3.90£0.40" 0.06+0.01% 99.76+0.00%
CK B 551.09425.42 566.33423.13% 3.9340.19% 0.06+0.01% 99.76+0.00%
LTA 100 568.72+20.19% 568.154-20.68*" 4,3040.21%> 0.0440.01° 99.79+0.00%
LTA 300 577.37+14.06% 577.55415.41% 4,2840.14%> 0.0440.00" 99.72+0.00%
LTA 500 604.31422.43% 601.46431.75% 4,37+0.11% 0.0440.01° 99.76+0.00%

T FABI/NG TR R R 22 53 W3 (P<C0.05),
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(LEubacterium ] xylanophilum _group) .IAFF H J& (Bac-
teroides) U FTF 7 J& (Bi fidobacterium ) F A 55 45 [C
J& (Blautia) - FE 25 B0 (P <C0.05) , 3% 3 ik [G & s
(Alloprevotella) . W ') B2 #T 1% J& ( Helicobacter) . ) §*
¥R 8 (Parasutterella) F 8 & 2 K (P <<0.05) , 1

B4 RHEZDUREXNT L-FRBRAFTAF LG XK

M 1B A B 0 R
Figure 4 Effect of L-theanine on the structure of intesti-
nal bacteria in rats at gate level under resistant

starch feeding

x5 IEEMREEAT L HXEBRY ARG EREE

EREENSHFAENENFERELENZN
Table 5 Effects of L-theanine on the relative abundance
and ratio of Firmicutes and Bacteroidetes of in-
rats under resistant

testinal bacteria in

starch feeding

215 JEEEWEIT/ 20 SUATTET)/ Y0 JEREER ]/ ST
CK A 41.6747.31 46.8918.76 0.9340.31
CK B 40.044+12.82  50.63+13.05 0.8740.27
LTA 100 40.38+7.91 49.90+£8.35 0.8440.30
LTA 300 37.614+10.85 55.264+11.70 0.734+0.19
LTA 500 38.20+6.92 54.78+7.50 0.7240.23
B 5
Figure 5

under resistant starch feeding

BEZE MUEBRAEERT L FEBMARBERRIENETIER

L5 5 2 v] ifF — 25 SO Bt VE A IR B B SR 1Y i T8 T
4k, 5 CK BAIAH L, LTA 300 4 W2 88+ 148
I 3 R ERUFF B R R i 2 T8 A X B (P <C0.05); LTA
500 @ W OF L M OB OB W B NK4A136 B )8
(Lachnospiraceae NK4A136 _group) F1 S #F 7 J& 09 41
P (P<C0.05); LTA 300, LTA 500 £H ¥ fig & % L4
WH KB 9 A4 J7 R R B R . F %87 IR B B NK3B31
BEJE (Prevotellaceae _NK3B31 _group) . TR AT F & I
R % 4 TG T R 4 AR X T B (P <€0.05) . SUBL T 1 R 2 —
il DL 25 A B, S AR 0 T A A R SRR Af Bl IR 4
Wh o 34 T B AR AR 9 AR A0 B 3 e L AR 1 B 1 X B R
FIANE (9 s P R R0 @I AF B R W T IR B R 9L A o7 4
K HE T 508 B Bt SCFAs (7= A & 9k
S5 WA 2 A B . SCFAs 407 30 75 K 4
73 0 T A 2 IR D 7 A 1 T AR L A 2R TN TR
AT DT, AIFFHE 3 2 A = AT 3 0 LR
VAR 5 B 99T i T R RECY R IR A R 9L A 55 R TG
BEE TR A, miE b MR gtae . 5
CK A giAIH. . CK B 41 0 1 5 I8 &l #F 5 )8 L A 97 45 (S
T S T 8 3 BE B (P <C0.05) , 136 W B o T b BB 3 5 5%
M SCFAs P= /LR i A ALK . 5 CK B 44
e, LTA 300, LTA 500 4% FH KW JE 9. 8IAF s A 57
QR B BN (P <C0.05) , T g & L A5 & M fig R
L Wi P 3t 2R W % TR L ot T A B SCEASEI0 720 g
W i 3 P9 PR 85 AR 3 i A 2 T ZE K R RN . e T IR AT
BR Al R B R 5 B B R 0RO i T BT B
S — PR M BUR T B A LEALR N 5 51 RAED 5 & 5 4R
KB FEEM NS SBEREL. S50 %8s A1E.
BHERES, F26 M, 5 CK A AR, CK B 4114712
FEBE I B AR EC B 45 T 8 3 B IR (P <C0.05) , A RE 5 4t
P VE Y WAl 3 pHL B S0 03 40 A TR A AR KA P
5 CK B4 L, LTA 300, LTA 500 2H 1 [ ] #2 4T 14 . Bl 5%
7 G B I 2 IR (P <<0.05) L AT RE R i T LK A R Ak

AR RREBEXNT L-FRABRMNBRF LRI HiE BB LEAG YR

Effect of L-theanine on the structure of intestinal bacteria in rats at genus level
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AN

Table 6 Effects of L-theanine on the relative abundance of intestinal bacteria in rats at main genus under

resistant starch feeding

AR/ %
b CK A CK B LTA100 LTA300 LTA500

W HERAEE 9 16.904£4.22>  16.1743.69"  25.2345.49%  31.1846.83*  31.072:8.09°
1 0.5340.19¢ 6.99+2.15% 7.89+2.51%  13.48+3.29° 9.2742.40%
AT 8 B A i 44 T 10.81£2.04*  13.9043.66® 6.71+1.87: 2.50+1.09" 6.93+2.17:
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